Helix A stabilization precedes amino-terminal lobe activation upon calcium binding to calmodulin.
The structural coupling between opposing domains of CaM was investigated using the conformationally sensitive biarsenical probe 4,5-bis(1,3,2-dithioarsolan-2-yl)resorufin (ReAsH), which upon binding to an engineered tetracysteine motif near the end of helix A (Thr-5 to Phe-19) becomes highly fluorescent. Changes in conformation and dynamics are reflective of the native CaM structure, as there is no change in the (1)H- (15)N HSQC NMR spectrum in comparison to wild-type CaM. We find evidence of a conformational intermediate associated with CaM activation, where calcium occupancy of sites in the amino-terminal and carboxyl-terminal lobes of CaM differentially affect the fluorescence intensity of bound ReAsH. Insight into the structure of the conformational intermediate is possible from a consideration of calcium-dependent changes in rates of ReAsH binding and helix A mobility, which respectively distinguish secondary structural changes associated with helix A stabilization from the tertiary structural reorganization of the amino-terminal lobe of CaM necessary for high-affinity binding to target proteins. Helix A stabilization is associated with calcium occupancy of sites in the carboxyl-terminal lobe ( K d = 0.36 +/- 0.04 microM), which results in a reduction in the rate of ReAsH binding from 4900 M (-1) s (-1) to 370 M (-1) s (-1). In comparison, tertiary structural changes involving helix A and other structural elements in the amino-terminal lobe require calcium occupancy of amino-terminal sites (K d = 18 +/- 3 microM). Observed secondary and tertiary structural changes involving helix A in response to the sequential calcium occupancy of carboxyl- and amino-terminal lobe calcium binding sites suggest an important involvement of helix A in mediating the structural coupling between the opposing domains of CaM. These results are discussed in terms of a model in which carboxyl-terminal lobe calcium activation induces secondary structural changes within the interdomain linker that release helix A, thereby facilitating the formation of calcium binding sites in the amino-terminal lobe and linked tertiary structural rearrangements to form a high-affinity binding cleft that can associate with target proteins.